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(57) ABSTRACT

The disclosure relates to adjacently mounted circumieren-
tially distributed turbo machine airfoils with a vibration
damping system. Each adjacent pair of airfoils includes a
fixing and recerving portion, extending between the paired
adjacent airfoils, each with a face that are proximal (e.g., 1n
contact with) each other. Vibration can be suppressed by the
fixing and receiving portions each having a recerved magnet
fixingly installed therein and a non-magnetic conducting
plate therebetween. Each magnet has a pole that faces the pole
of the other magnet 1n between which the non-magnetic con-
ducting plate 1s located and in which eddy currents can be
induced by the relative movement of the magnets due to
vibration.

14 Claims, 3 Drawing Sheets
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AIRFOILS WITH VIBRATION DAMPING
SYSTEM

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. §119 to
European Patent Application No. 09160063.5 filed in Europe
on May 12, 2009, the entire content of which 1s hereby 1ncor-
porated by reference in 1ts entirety.

FIELD

The disclosure relates to vibration damping of turbo
machine airfoils, and to the use of magnetic fields to damp
airfoil vibration.

BACKGROUND INFORMATION

Turbo machine airfoils can be subject to high static and
dynamic loads due to thermal and centrifugal loads as well as
dynamic excitation forces. The resulting vibration ampli-
tudes, 1n combination with the high static loads, can lead to
high cycle fatigue failures. Thus, the damping of vibration
can be of great importance.

One way to address this problem 1s to install frictional
coupling devices, such as under platform-dampers, lacing
wires or tip shrouds that provide damping through energy
dissipation by frictional contact. This approach can be disad-
vantageous due to design complexity because physical con-
tact parameters can be difficult to evaluate and change under
operating conditions. Furthermore, the coupling of the air-
fo1ls and the geometric properties of friction damping devices
can change dynamic characteristics such as eigenirequency
and mode shape.

An alternative can be to use the attractive force of magnets
for damping. U.S. Pat. No. 4,722,668, for example, discloses
the use of magnets in both the shroud and at halt airfo1l height.
The magnets are paired, so that the magnet of one airfo1l abuts
a magnet fitted 1n an adjacent airfoil.

As an alternative, eddy currents induced by movement of
an electrical conductor in a magnetic field can provide an
alternative with a different damping capability. This solution
uses the principle that the movement of an electrical conduc-
tor 1n a magnetic field induces a voltage, which 1n turn creates
eddy currents. The magnetic field of the eddy currents
opposes that of the first magnetic field. This exerts a force on
a metal plate causing 1t to resist movement while transform-
ing kinetic energy of a conductor plate into heat.

DE 195 05 389 Al for example, discloses an eddy current
damping arrangement for a turbo machine in which a mag-
netic ring 1s located 1n a wall of a turbo-machine such that the
vibration of rotating airfoils, which are equipped with an
clectric conductor, can be suppressed when passing the ring.

U.S. Pat. No. 7,399,138 B2 discloses another eddy current
damping system applied to an array of airfoils mounted for
rotation about a central axis. The damping arrangement
includes a current carrying conductor that can form a loop
around the array of airfoils.

Both of these arrangements involve the installation of a
magnetic ring, or ring shaped current carrying loop for induc-
ing a magnetic field, that 1s separate from the airfoils. As an
alternative, DE 199 377 146 A1 discloses adjacent airfoils with
paired wings having ends in close proximity to each other.
The end of one wing has a mounted magnet while the end of
its paired opposite has a copper or aluminium plate. By these
teatures the relative movement of the wing end can be sup-
pressed by the eddy current principle.
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Unlike vibration suppression systems that use magnetic
attraction, vibration damping by eddy currents involves some
relative movement without which eddy currents will not be
formed. All of the foregoing documents are incorporated
herein by reference 1n their entireties.

SUMMARY

A vibration damping system 1s disclosed for adjacently
mounted circumfierential distributed turbo machine airfouils,

the system comprising: a first fixing and receiving portion,
configured to extend from a first airfoil to an end defining a
first face; a second fixing and receiving portion configured to
extend towards the first fixing and recerving portion to estab-
lish an end defining a second face proximal with the first face
of the first fixing and receiving portion; a first magnet, {ixed 1n

the first fixing and recerving portion and arranged such that a
pole faces towards the first face of the first fixing and receiv-
ing portion; a first non-magnetic conducting plate mounted
between the first face and the first magnet; and a second
magnet, fixed 1n the second fixing and recetving portion and
arranged such that a pole which faces the second face is
aligned with, and separated by a separation distance from the
pole of the first magnet.

A turbo machine 1s disclosed comprising: a first airfoil and
a second airfoil; and a wvibration damping system which
includes: a first fixing and receiving portion, configured to
extend from within the first airfo1l to an end defining a first
face; a second fixing and receiving portion configured to
extend from within the second airfo1l towards the first fixing
and recerving portion to establish an end defining a second
face proximal with the first face of the first fixing and receiv-
ing portion; a first magnet, fixed 1n the first fixing and rece1v-
ing portion and arranged such that a pole faces towards the
first face of the first fixing and receiving portion; a first non-
magnetic conducting plate mounted between the first face and
the first magnet; and a second magnet, fixed 1n the second
fixing and receiving portion and arranged such that a pole
which faces the second face 1s aligned with, and separated by
a separation distance from the pole of the first magnet.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments are disclosed more fully herein-
alter with reference to the accompanying drawings, wherein:

FIG. 1 15 a perspective view of an exemplary pair of cir-
cumierentially mounted adjacent airfoils of a turbo machine
according to an exemplary embodiment;

FIG. 2 1s a cross section view through 11-1I of the adjacent
airfoils of FIG. 1 showing an exemplary vibration damping
system:

FIG. 3 1s an expanded view of section 111 of FIG. 2 showing,
features of an exemplary vibration damping system:;

FIG. 4 1s an expanded view of section 111 of FIG. 2 showing,
features of another exemplary vibration damping system; and

FIG. 5 1s an expanded view of section 111 of FIG. 2 showing
an exemplary arrangement where the polarity of facing mag-
netic poles are diflerent.

Other aspects and advantages of the disclosure will become
apparent Irom the following description, taken 1n connection
with the accompanying drawings wherein by way of illustra-
tion, exemplary embodiments of the disclosure are disclosed.

DETAILED DESCRIPTION

An exemplary damping device for attenuation of vibration
of airfoils, can be fitted in a turbo-machine, across a broad
range of vibration frequencies.
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Adjacently mounted circumiferential distributed turbo
machine airfoils, as disclosed herein, include an exemplary
vibration damping system. Each adjacent pair of airfoils can
include a fixing and receiving portion on each airfoil. One
extends from the first airfoil to an end defining a face, which
can be substantially perpendicular to the direction of exten-
sion. The other portion extends towards the first fixing and
receiving portion to a face that 1s proximal or 1n contact with
the face of the first fixing and recerving portion. The first
portion has a first magnet, fixingly received in the first por-
tion, with a pole facing towards the first face of the first
portion and a first non-magnetic conducting plate fixingly
mounted between the first face and the first magnet. The
second portion has a second magnet, fixingly received in the
second portion, with a pole facing the second face such that
the pole can be aligned with and separated, by a separation
distance, from the pole of the first magnet.

The combination of paired magnets and a non-magnetic
conducting plate can provide higher damping capacities
across a wider range of Irequencies due, 1n part, to stronger
and better aligned magnetic fields.

In damping aspects with one magnet 1n one fixing portion,
tflux lines form lines perpendicular to the face of the opposed
wing resulting 1n a very low radial magnet field component.
When two magnets face each other with unlike poles, the
alignment of the flux lines are qualitatively the same but with
a higher magnmitude resulting 1n higher damping force. In both
cases an attractive force, between magnets and the metallic
portions and/or between the magnets, 1s present, resulting in
an unstable equilibrium created when the attractive force
acting on both ends of the portions have the same magnitude.
It a blade deflects to one side, the forces on a side with a
smaller air gap increases whereas on a side with a bigger air
gap, the force decreases. This imbalance causes unstable
motion. By aligning the magnets so that like poles face each
other, 1t was found that a more stable equilibrium can be
achieved. Also, the radial magnetic flux component created
between like poles was found to create an even large damping,
force. In an exemplary embodiment the facing poles of mag-
nets in the recerving and fixing portions have the same polar-
ity, for example N-N or S-S.

In another exemplary embodiment, the second portion also
has a non-magnetic conducting plate. The non-magnetic con-
ducting plate can be fixingly mounted between the second
magnet and the second face. By having a non-magnetic con-
ducting plate 1n both portions, the eddy current damping
mechanism, for the same relative movement of the two por-
tions, can be enhanced.

In another exemplary embodiment of the system, a dis-
tance of between 1 mm and 5 mm, or more or less, separates
the magnets of the two portions.

FIG. 1 shows only two of a series of adjacently mounted
circum{ierential distributed turbo machine airfoils 2a, 254. The
two shown airfoils 2a, 25, which are paired by being adjacent
to one another, are fitted with an exemplary vibration damp-
ing system. The adjacent airfoils 2a, 25 each have portions
104,106 mounted on the respective airfoils 2a, 26 that extend
from the airfoils 24,256, 1n one exemplary embodiment, sub-
stantially in the circumiferential direction CD. In another
exemplary embodiment, adjacent airfoils 2a, 26 each have
portions 10a, 105 mounted on the respective airfoils 2a, 25
that extend from airfoils 24, 26 1n a direction substantially
offset from the circumierential direction CD. The different
extensions can provide different damping characteristics. The
extension of the portions 10a, 105 cause them to span the
space between the airfoils 2a, 26 such that an end of the
portions 10a, 1056 either comes 1n contact with or ends 1n close
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proximity to each other at faces 12a, 125. An important char-
acteristic 1s that the portions 10a, 105 are able to move relative
to each other. If ends of the portions 10a, 105 are configured
to be 1n contact with each other, the contact can be such that
airtoil vibration results 1n at least some relative movement of
the portions 10, 1056. In an exemplary embodiment, shown in
FIG. 1, this can be achieved by the portions 10a, 105 being
configured as “snubbers” that extend from a point part way
along the radial height RD of the airfoils 2a, 2b. In an exem-
plary embodiment this can be achieved by the portions 10
extending from a radial end of the airfoils 2a, 256 so as to form
airfo1l tip shrouds.

FI1G. 2 shows a cross-sectional view of the airfoils 2a, 25
along line II-1I of FIG. 1 showing paired portions 10a, 105
that form an exemplary vibration damping system. Further
expanded views of exemplary portions 10a, 105 are shown 1n
FIGS. 3 and 4. In FIG. 2 the exemplary vibration damping
system 1ncludes two paired portions, paired by proximity and
interaction. Each portion 10a, 105, 1n one exemplary embodi-
ment, extends substantially 1n the circumierential direction
CD from adjacent airfoils 2a, 25, to distal ends that form faces
12a, 12b. The pairing, 1n one exemplary embodiment, 1s such
that faces 12a, 1256 of the portions 10a, 105 are substantially
parallel and 1n close proximity to, or in contact with each
other, and substantially perpendicular to the circumierential
direction CD. Each portion 104,105 fixingly receives a mag-
net 20a, 206 with a pole 22a, 225 such that vibrations of the
airfoils 2a, 2b can be mirrored by movement of the magnets
20a, 205. Other known airfoil features such as shrouds (not
shown) mounted on radially distal ends and extending
between adjacent airfoils 2a, 26 may also perform the func-
tion of the exemplary fixing and receiving portions 10a, 105.
The magnets 20a, 205 can be configured and arranged, in an
exemplary embodiment, so that poles 22a, 225 of recerved
magnets 20a, 205 of paired fixing and receving portions
104,105 substantially align in the circumierential direction
CD such that one pole 22a, 225 of each magnet 20a, 205 faces
one pole 22a, 225 ofthe other magnet 20a, 2056. Pole 22a, 225
also faces the face 12a, 125 of the fixing and receiving portion
10a, 106 1n which 1t 1s recetved. This ensures a stronger and
better-aligned magnetic field. The exemplary wvibration
damping system can include one or more non-magnetic con-
ducting plates 254, 255 fixingly mounted between the facing
poles 22a, 22b of the magnets 20a, 205, as shown 1n FIGS. 3
and 4.

FIG. 3 shows an exemplary embodiment in which magnets
20a, 205 are located 1n fixing and recerving portions 10a, 105
of adjacent airfoils 2a, 26 so as to form an exemplary vibra-
tion damping system. Each of the fixing and receiving por-
tions 10a, 105 has a face 12a, 125 which, in an exemplary
embodiment, 1s substantially parallel to the face 12a,12b of a
fixing and recerving portion 10a, 105 of an adjacent airfoil 2a,
2b6. The proximity of the faces 12a, 125 pair the fixing and
receiving portions 10a, 105. In an exemplary embodiment,
cach of the magnets 20a,205 are aligned 1n the paired portions
10a, 105, 1n the same circumierential direction CD. The
arrangement 1s such that one pole 22a, 225 of each magnet
20a, 2056 faces the pole 224, 225 of another magnet 20a, 205,
so as to align the poles 22a, 225, while they face the face 124,
125 of the fixing and receiving portion 104,105 1n which they
are received. In this way relative movement of magnets 20aq,
206 mirrors movement mnduced by airfoil vibration while
mutual attraction or rejection of the magnets 20a, 205 can
result 1n a stiffening of the adjacent airfoils 2a, 25 causing a
resistance to that vibration.

Between the face 12a of one fixing and receiving portion
10a and a pole 22a of the magnet 20q recerved in that recerv-
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ing portion 10a, an exemplary embodiment has a mounted
non-magnetic conducting plate 25a. The mounting can be
such that the location and position of the non-magnetic con-
ducting plate 25a 1s fixed relative to the magnet 20a such that
vibration does not change the relative location between the
non-magnetic conducting plate 25a and the magnet 20a.

The non-magnetic and conducting nature of the non-mag-
netic conducting plates 254 results 1n the formation of eddy
currents 1n the non-magnetic conducting plate 25a when the
magnet 205 1n the paitred fixing and receiving portion 105
moves relative to the non-magnetic conducting plate 23a.
These eddy currents result 1n a resistance to movement that
can result 1n damping of vibration.

FIG. 4 shows an exemplary embodiment 1n which magnets
20a, 205 are located 1n fixing and receiving portions 10a, 1056
ol adjacent airfoils 2a, 26 so as to form an exemplary vibra-
tion damping system. Each of the fixing and receiving por-
tions 10a, 105 has a face 12a, 126 which can be substantially
parallel to the face 12a, 1256 of a fixing and receiving portion
10a, 105 of an adjacent airfoil 2a, 26 by forming paired fixing
and receiving portions 10a, 105. Each of the magnets 20aq,
206 can be aligned 1n the paired portions 10a, 105. In the
exemplary embodiment shown, the portions 10a, 106 extend
in the circumierential direction CD although other arrange-
ments are possible. The alignment 1s such that one pole 22a,
22b of each magnet 20a, 2056 faces the pole 22a, 226 of
another magnet 20a, 2056, so as to align the poles 22a, 225,
while they face the face 12a, 125 of the fixing and receiving
portion 10a, 106 m which they are receirved. In this way
relattve movement of magnets 20aq, 206 mirrors movement
induced by airfo1l vibration while mutual attraction or rejec-
tion of the magnets 20a, 205 results 1n a stiffening of the
adjacent airfoils 2a, 25 causing a resistance to that vibration.

Non-magnetic conducting plates 25a, 255 are fixingly
mounted between the faces 12a, 126 of each fixing and
receiving portions 10a, 106 and a pole 22a, 225 of a magnet
20a, 206 within that portion 10a, 105. For example, 1n the
circumierential direction, extending from an airfoil 2a, 25,
cach portion 10a, 106 has a recerved magnet 20a, 205, a
mounted non-magnetic conducting plate 23a, 255 and a face
12a, 125. The mounting of the non-magnetic conducting,
plate 25a, 255b for each portion 10a, 105 can be such that the
location and position of the non-magnetic conducting plate
25a, 256 may be fixed relative to the magnet 20aq, 2056
received 1n that portion 10a, 105, independent of vibration.

The non-magnetic and conducting nature of the non-mag-
netic conducting plate 25a, 255 results 1n the formation of
eddy currents in the non-magnetic magnetic conducting plate
235a, 256 when the magnet 20a, 205 located in the paired
fixing and receiving portion 10a, 106 moves relative to the
non-magnetic conducting plate 25a, 2556 due to vibration.
This results 1n a resistance to movement resulting 1n vibration
damping. As non-magnetic conducting plates 25a, 236 are
located 1n both paired portions 10a, 105 the damping effect,
compared to an arrangement with one non-magnetic conduct-
ing plate 25a, 255, can be increased.

FIG. 5 shows an exemplary embodiment of a damping
system that differs from that shown in FIGS. 3 and 4 by the
fact that the facing poles 22a, 226 of the magnets 20a, 2056
have different polarity. While a non-magnetic conducting
plate 25a, 255 1s shown in each portion 10a, 105, 1n an
exemplary embodiment, only one of the portions 10a, 105 can
have a non-magnetic conducting plate 25a, 255b.

It was found for an arrangement including two adjacent
airfoils 2a, 256 fitted with exemplary embodiment of a damp-
ing system, the best vibration damping performance for a
range ol vibrational frequency can be achieved when the
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magnets 20a, 205 of the paired portions 10a, 105 are sepa-
rated. However, as interaction of magnets 20a, 205 decreases
with distance, there 1s an optimum distance. It 1s assumed that
this improved performance would also apply for cyclically
symmetric systems where a plurality of airfoils with exem-
plary embodiments of a damping system is circumferentially
mounted. The optimum separation distance SD, of between
7-10 mm determined for one experimental two airfoil 2a, 25
system can be expected to be reduced to between 1-5 mm for
a multiple circumierential mounted airfoil 2a, 25 arrange-
ment.

The higher the conductivity of the non-magnetic conduct-
ing plates 25a, 255, the stronger the eddy currents created by
relative movement between the plates 25a, 2556 and magnets
20a, 2056 and therefore the greater the resilience to vibration.
Therefore, 1n one exemplary embodiment the non-magnetic
conducting plates 254, 255 can be made of material with an
electrical conductivity of greater than 35x10° S'‘m™" mea-
sured at 20° C. In another exemplary embodiment, the non-
magnetic conducting plates 25a, 255 can be made of either or
both aluminium and/or copper.

Although the disclosure has been herein shown and
described by way of exemplary embodiments, 1t will be
appreciated by those skilled 1n the art that the present disclo-
sure can be embodied 1n other specific forms without depart-
ing from the spirit or essential characteristics thereol. For
example, while the exemplary embodiments show only one
paired fixing and recerving portions 10a, 105 per adjacent
airfoils 2a, 25, the airfoils 2a, 256 could be fitted with more
than one paired portions 10a, 105 at the same and/or different
radial heights RD. The presently disclosed embodiments are
therefore considered 1n all respects to be illustrative and not
restricted.

R.

T
—

ERENCE NUMBERS

2a, 2b Airfoils

10a, 105 Snubber (exemplary fixing and receiving portion)
12a, 126 Face

20a, 206 Magnet

22a, 22b Magnetic pole

23a, 25b Non-magnetic conducting plate

CD Circumierential direction

RH Radial height

SD Separation Distance

What 1s claimed 1s:

1. A vibration damping system for adjacently mounted
circumierential distributed turbo machine airfoils, the system
comprising;

a first fixing and receiving portion, configured to extend

from a {irst airfoil to an end defining a first face;

a second fixing and receiving portion configured to extend
towards the first fixing and rece1ving portion to establish
an end defining a second face proximal with the first face
of the first fixing and recetving portion;

a first magnet, fixed 1n the first fixing and receiving portion
and arranged such that a pole faces towards the first face
of the first fixing and recetving portion;

a first non-magnetic conducting plate mounted between the
first face and the first magnet; and

a second magnet, fixed in the second fixing and receiving
portion and arranged such that a pole which faces the
second face 1s aligned with, and separated by a separa-
tion distance from the pole of the first magnet.

2. The vibration damping system of claim 1 wherein the

poles of the first and second magnets which face one another
have opposite polarities.
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3. The vibration damping system of claim 2, wherein the
first magnet and the second magnet are separated by a dis-
tance of between 1 mm and 5 mm.

4. The vibration damping system of claim 3, wherein the
second fixing and receiving portion has a second non-mag-
netic conducting plate mounted between the second magnet
and the second face, wherein the first non-magnetic conduct-
ing plate and the second non-magnetic conducting plate are
made of a material with an electrical conductivity of greater
than 35x10° S‘m™" measured at 20° C.

5. The vibration damping system of claim 2, wherein the
second fixing and receiving portion has a second non-mag-
netic conducting plate mounted between the second magnet
and the second face, wherein the first non-magnetic conduct-
ing plate and the second non-magnetic conducting plate are
made of a material with an electrical conductivity of greater
than 35x10° S‘m™" measured at 20° C.

6. The vibration damping system of claim 1 wherein the
second fixing and receiving portion has a second non-mag-
netic conducting plate mounted between the second magnet

and the second face.

7. The vibration damping system of claim 6, wherein the
first non-magnetic conducting plate and the second non-mag-
netic conducting plate are made of a material with an electri-
cal conductivity of greater than 35x10° S'‘m™~" measured at
20° C.

8. The vibration damping system of claim 6, wherein the
first magnet and the second magnet are separated by a dis-
tance of between 1 mm and 5 mm.

9. The vibration damping system of claim 6, wherein the
first non-magnetic conducting plate and the second non-mag-
netic conducting plate are made of a material with an electri-

cal conductivity of greater than 35x10° S‘m™~" measured at
20° C.
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10. The vibration damping system of claim 1, wherein the
first magnet and the second magnet are separated by a dis-
tance of between 1 mm and 5 mm.

11. The vibration damping system of claim 10, wherein the
second fixing and recerving portion has a second non-mag-
netic conducting plate mounted between the second magnet
and the second face, wherein the first non-magnetic conduct-
ing plate and the second non-magnetic conducting plate are

made of a material with an electrical conductivity of greater
than 35x10° S'‘m™" measured at 20° C.

12. The vibration damping system of claim 1, wherein the
first face and the second face are 1n contact with one another.

13. A turbo machine comprising:

a first airfoil and a second airfoil; and

a vibration damping system which includes:

a {irst fixing and receiving portion, configured to extend
from within the first airfo1l to an end defining a first
face:

a second fixing and receiving portion configured to
extend from within the second airfo1l towards the first
fixing and recetving portion to establish an end defin-
ing a second face proximal with the first face of the
first fixing and recetving portion;

a first magnet, fixed in the first fixing and receiving
portion and arranged such that a pole faces towards
the first face of the first fixing and recerving portion;

a {irst non-magnetic conducting plate mounted between
the first face and the first magnet; and

a second magnet, fixed 1n the second fixing and receiving
portion and arranged such that a pole which faces the
second face 1s aligned with, and separated by a sepa-
ration distance from the pole of the first magnet.

14. The vibration damping system of claim 13, wherein the
first face and the second face are 1n contact with one another.
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